Foi desenvolvido um método fácil e ambientalmente benigno para a preparação de nucleobases N- (etioxicarbonilmetil) e N-(iso-propoxicarbonilmetil), importantes na construção de blocos para Ácidos Nucleicos Peptídicos (ANP). Todas as nucleobases são regiosseletivamente alquiladas e os produtos desejados são obtidos com rendimentos moderados a altos, sob irradiação de microondas por 8 minutos em água como solvente e na presença de Et 3 N como base A facile and eco-friendly approach has been developed for the preparation of N-(ethyoxycarbonylmethyl) nucleobases and N-(iso-propoxycarbonylmethyl) nucleobases, which are important building blocks for Peptide Nucleic Acids (PNA). All the nucleobases are regioselectively alkylated and the desired products are obtained in moderate to high yields under microwave irradiation for 8 min in water as the solvent and in the presence of Et 3 N as the base.
Introduction
In order to find out effective, selective, nontoxic antiviral and antitumor drugs, modified nucleosides have become of great interest in recent years, due to their intriguing chemical and pharmacological properties. 1 Carbocyclic nucleosides, 2 acyclic nucleosides, 3 5-substituted pyrimidine nucleosides 4 and others have been designed and prepared, such as Neplanocin A (1), Acyclovir (2) , and BVDU (3) ( Figure  1 ), which exhibited potential biological activities against Human Immunodeficiency Virus (HIV), Herpes Simplex Virus (HSV), Varicella Zoster Virus (VZV), Hepatitis B Virus (HBV) and so on. In 1991, Nielsen and coworkers reported a novel synthetic mimic of DNA in which the sugar-phosphate backbone of natural nucleic acid was replaced with a polyamide backbone, named Peptide Nucleic Acids (PNA, 4). 5 PNA can hybridize to complementary DNA, RNA, or PNA, and exhibit higher thermal stability and better sequence discrimination than DNA. Therefore, PNA has attracted wide attention in medicinal chemistry for the development of biosensors and gene therapeutic drugs, and a number of groups have developed several methods for the preparation of the monomers and submonomers of PNA, including ours. 6 However, some drawbacks also exist in the reported methods. For example, low yields and poor regioselectivity are frequently encountered. What is more, long reaction time up to 24 h, inert gas atmosphere, harsh reaction conditions, and toxic solvents are usually required, which do not meet the requirement of green chemistry. In order to expand our interest in the modification of nucleoside and obtain the submonomers in higher yields under milder reaction conditions in shorter reaction time, we turned our attention to microwave irradiation (MWI). 8 Microwave assisted organic synthesis has been widely utilized in recent years for the formation of a variety of carbon-carbon and carbonheteroatom bonds, which usually lead to a remarkable decrease in reaction time, enhancement in yields, easier workup, and better regioselectivity. 9 However, only a few methods were reported to obtain these modified nucleoside analogues under MWI. 10 Herein, we report a rapid, convenient, and green protocol for the synthesis of the N-(ethoxycarbonylmethyl) nucleobases and N-(iso-propoxycarbonylmethyl) nucleobases, building blocks for Peptide Nucleic Acids.
Results and Discussion
Initially, we selected uracil (5a) and ethyl chloroacetate (6a) as a model system to investigate the effect of solvents, bases, and irradiation time on the yield. DMF is an excellent solvent to absorb microwave energy and dissolve the nucleobase, for its high polarity. However, dark reaction mixture and poor yield were obtained, indicating side reactions had occurred (entry 1). Using CH 3 CN as solvent also did not give rise to high yield, in which uracil had poor solubility, so 52% yield was achieved, associated with N 3 -alkylated product (entry 2). To our surprise, uracil was exclusively alkylated at N 1 , and 7a was obtained in satisfactory yield by using water as the solvent in the presence of K 2 CO 3 as the base (entry 3), suggesting this method was highly regioselective. Water is a promising medium to replace volatile organic solvent 11 and a good absorber for microwave energy. Water, in combination with microwave irradiation, makes our procedure highly costeffective and benign to the environment. More importantly, this strategy has been successfully applied to several kinds of reactions. 12 The influence of base also played an important role in the yield. Lower yield was obtained by using NaOH as the base, maybe the strong base could speed up the hydrolysis of ethyl chloroacetate, especially in boiling water (entry 4). Therefore, weaker bases were employed subsequently. To our delight, obvious changes in yield were observed when DMAP (4-Dimethylaminopyridine) (entry 5), DABCO (1, octane) (entry 6), NaHCO 3 (entry 7) and TEA (Triethylamine) (entry 8) were evaluated. At last, TEA became the best of choice because it was very cheap and easily available. It is also worthy to mention that it is unnecessary to neutralise the excess TEA after reaction, since it can be easily removed in vacuum because of its low boiling point (88.8 o C), which could simplify the workup and present an additional synthetic advantage. Changing irradiation time had significant effect on the yield too (entries 8, 9) . However, it seemed that the reaction reached the chemical equilibrium after irradiation for 8 min (entry 10), because only slight change in yield was detected when longer reaction time than 8 min was adopted (entry 11).
With this promising system in hand, we extended the substrate scope to other uracil derivatives, as outlined in Table 2 . Isolated yield after silica gel column chromatography. Qu et al. Vol. 18, No. 5, 2007 To our delight, all the uracil derivatives were exclusively alkylated at N 1 , confirmed by HMBC spectra. Treatment of nucleobases with iso-propyl chloroacetate (6b) under the same conditions as ethyl chloroacetate (6a) successfully afforded corresponding products in moderate yields. Substituting 5-H in 5a with Cl, CH 3 , or I had little influence on the yield, indicating the substitutent-effect was not obvious (entries [1] [2] [3] [4] [7] [8] [9] [10] . 13 It was necessary to protect the exocyclic amino group of cytosine (5f, entry 5), because more than three new spots were detected by TLC. As a result, N 4 -acetyl cytosine (5e) was utilized as the precursor of cytosine in order to prevent side reactions, and then alkylation of 5e as described above afforded 7e and 7j in 68% and 73% yield (entries 6 and 11), respectively.
Application of this procedure to a series of purine derivatives also proved to be successful. The desired products in moderate to high yields were also obtained, as described in Table 3 . Gratifyingly, this method gave N 9 -alkylated products, uncontaminated with N 7 -alkylated products. Maybe N 9 position has higher electron density than N 7 . As was expected, the replacement of 6a with 6b resulted in minor changes in yields. It could be concluded that the alkyl side chains in chloroacetate could not influence their electrophilic reactivities. When 2-H in 8a was substituted by Cl, only neglectable variations in yield were detected (entries 1, 2 and 5, 6). The exocyclic amino group of adenine was also necessary to protect (entry 3), 14 because only trace amount of desired product was obtained. Treatment of 6-chloro purine with benzyl amine under the same conditions as we reported 8 afforded N 6 -benzylamino purine (8d) in 86% yield. Then alkylation of it as described above gave rise to 9d and 9g in 76% and 80% yields, respectively (entries 4 and 7) .
Finally, the formation of 7a and 9a was conducted in a pre-heated oil bath (105 °C) under the identical conditions as the microwave method in order to evaluate the effectiveness of our method in comparison with conventional heating method, as shown in Table 4 . It had been found that the reaction proceeded with only 12% yield of 7a and 16% yield of 9a after 8 min, 52% and 56% after 6 h, demonstrating clearly that our method is superior to the conventional method.
Conclusions
In conclusion, we have developed a rapid, facile, and environmentally benign protocol for the preparation of N-(alkoxycarbonylmethyl) nucleobases, which are important building blocks for PNA. All the products are achieved in moderate to high yields, as well as high regioselectivity, assisted by MWI in water as the solvent. Our method has several advantages in terms of yields, mild reaction conditions, short reaction time, and lack of side products. Extension of this method to synthesize other submonomers of PNA is currently in progress in our laboratory.
Experimental
All reagents and solvents were purchased from commercial sources and used without further purification. The nucleobases were a gift from Xinxiang Tuoxin Biochemical Technology & Science Co. Ltd, P. R. China.
Melting points were determined with an XRC-1 micro melting point apparatus and are uncorrected.
1 H and 13 C NMR spectra were recorded in DMSO-d 6 solutions on a Bruker DPX-400 spectrometer (at 400 MHz and 100 MHz, respectively) using TMS as internal standard. Chemical shifts (δ) were expressed in ppm and coupling constants (J) were given in Hz. Mass spectra were taken with a JEOL JMS-DX302 mass spectrometer. Elemental analyses were performed on an EA-1110 (CE Instruments) instrument. All reactions were performed in a commercially available singlemode microwave apparatus equipped with a high sensitivity IR sensor for temperature control and measurement (MAS-I, Sineo Microwave Chemical Technology Co. Ltd., Shanghai, P. R. China).
General procedure for the synthesis of 1-(ethoxycarbonylmethyl) uracil (7a)
To a mixture of uracil (2 mmol, 0.224 g) and TEA (0.56 mL, 4 mmol) in neat water (5 mL), ethyl chloroacetate (0.65 mL, 6 mmol) was added. Then the mixture was irradiated under reflux at 250 W (105 °C) for 8 min. Subsequently, the reaction mixture was concentrated to dryness under reduced pressure and the residue was purified by column chromatography (EtOAcEtOH 95:5) to afford 7a in 80% yield.
The preparation of N 6 -benzylamino purine (8d)
Benzylamine (12 mmol) was added to a stirred suspension of 6-chloropurine (5 mmol) in water (10 mL) in a 50 mL round-bottomed flask. After vibration, the flask was moved into microwave oven and irradiated at 200 W for 10 min. After the reaction completed, the solvent and excess benzylamine were removed in vacuum. The crude product was purified by column chromatography using ethyl acetate as eluent to afford 8d in 84% yield. 11.31 (s, 1H, 3-H) .
1-(Ethoxycarbonylmethyl) uracil (7a)

5-Chloro-1-(ethoxycarbonylmethyl) uracil (7c)
Pale Isolated yield after silica gel column chromatography. Qu et al. Vol. 18, No. 5, 2007 106.45 (5-C) 
1-(Iso-propoxycarbonylmethyl) thymine (7g)
White powder; mp 159-160 °C; 1 H NMR: H 6.24, N 12.38; found: C 52.98, H 6.19, Colorless column crystals; mp 176-177 °C; 1 H NMR: H 4.50, N 11.36; found: C 43.70, H 4.45, Colorless column crystals; mp 220-221 °C; 1 H NMR: 3.28, N 8.29; found: C 31.89, H 3.20, N 8.25. N 4 -acetyl-1-(iso-propoxycarbonylmethyl) : C 52.17, H 5.97, N 16.59; found: C 52.11, H 5.91, ClN 4 O 2 : C 47.16, H 4.35, N 22.00; found: C 47.08, H 4.29, N 22.08. 2, : C 41.54, H 3.49, N 19.38; found: C 41.46, H 3.45, Qu et al. Vol. 18, No. 5, 2007 Figure S4. 13 C NMR spectrum of compound 7c (100 MHz, DMSO-d 6 ). Qu et al. Vol. 18, No. 5, 2007 Figure S12. 13 C NMR spectrum of compound 7h (100 MHz, DMSO-d 6 ). Figure S15. 13 C NMR spectrum of compound 7i (100 MHz, DMSO-d 6 ). S9 Qu et al. Vol. 18, No. 5, 2007 Figure S16. Qu et al. Vol. 18, No. 5, 2007 Figure S24. 13 C NMR spectrum of compound 9f (100 MHz, DMSO-d 6 ). 
